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eal-Time 3-Dimensional Transesophageal
chocardiography During Double Percutaneous
itral Edge-to-Edge Procedure
rancesco Faletra, MD,* Antonio Grimaldi, MD,† Elena Pasotti, MD,* Julija Klimusina, MD,*
ntonietta Evangelista, MD,* Ottavio Alfieri, MD,† Tiziano Moccetti, MD,*
iovanni Pedrazzini, MD*
NEW PERCUTANEOUS EDGE -TO -EDGE MITRAL VALVE REPA IR (PMVR) has
een developed over the past few years. The clip is deliverable using the transseptal approach.
ombined ﬂuoroscopic and echocardiographic guidance have been used to properly monitor the
evice position in the left atrium so that it can be placed at the center of the mitral valve oriﬁce over
he regurgitant jet. In particular, 2-dimensional transesophageal echocardiography (2D TEE) has been
hown to be a valuable tool for transseptal puncture guidance, for optimal clip positioning, and for
ssessment of the severity of mitral regurgitation before and after ﬁnal deployment of the clip.
owever, the location of an intracardiac catheter relative to the surrounding structures requires
cquisition of 2D TEE multiple planes and frequent image adjustments. Real-time 3-dimensional
ransesophageal echocardiography (RT3D TEE) provides detailed anatomical data of the different
callops of mitral leaﬂets and precise relationships of surrounding anatomical structures from different
erspectives. Furthermore, its ability to visualize the entire length of the intracardiac catheter including
he tip, makes RT3D TEE the ideal tool for monitoring PMVR. The insertion of a single clip usually leads
o a signiﬁcant reduction of mitral regurgitation in a signiﬁcant proportion of patients, however, in
ome cases, a residual unacceptable mitral regurgitation may require the insertion of a second clip.
he following 2D TEE and RT3D TEE images demonstrate the successful insertion of 2 clips and highlight
he importance of imaging in guiding the procedure and determining the ﬁnal outcome.
severe mitral regurgitation due to ruptured cordae of the anterior leaﬂet associated to a slight
ethering of posterior leaﬂet (Fig. 1A), was treated by insertion of a percutaneous clip (Figs. 1C to 1F).
he clip was inserted exactly over the regurgitant lesion which was located very close to the medial
ommissure (Fig. 1B). An unexpected, new, severe mitral regurgitation emerged from the central area
f coaptation line (Figs. 2A and 2B). We speculated that this new regurgitation was due to the latent
ethering already present in the baseline condition and exacerbated by the deployment of the ﬁrst clip.
second clip was then inserted laterally to the ﬁrst one, with a nearly complete abolition of
egurgitation (Figs. 2C to 2F). Because of its large baseline mitral oriﬁce area due to annular
nlargement, no signiﬁcant gradient was observed with the unusual creation of 3 smaller oriﬁces (Fig.
D) as opposed to standard “double oriﬁce.”rom the *Fondazione Cardiocentro Ticino, Lugano, Switzerland; and the †Cardiothoracic and Vascular Disease Department,
an Raffaele Scientific Institute, Milan, Italy.
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1032Figure 1. Echocardiographic Step-by-Step Guidance of Percutaneous
Edge-to-Edge Mitral Valve Repair Procedure
(A) Two images of the standard 2-dimensional transesophageal echocardiography
examination revealing a severe mitral insufﬁciency related to ruptured cordae of
the anterior leaﬂet with concordant color jet pattern. A slight tethering of the
posterior leaﬂet related to inferior wall remodeling can also be observed (*).
(B) Real-time 3-dimensional echocardiography from the atrial perspective
showing the precise location of the size and site of the ﬂail region (i.e., the
medial portion of the anterior leaﬂet); (red circle) with a ruptured chordae
tendineae (arrow). The aortic valve (Ao) is located directly above the mitral valve
in the midline of the ﬁgure. Panels C to F show the 4 steps of the percutaneous
edge-to-edge mitral valve repair procedure. In detail, panel C shows a catheter
delivery system passing through the atrial septum (arrow). Panel D shows the
catheter delivery system positioned over the mitral oriﬁce (arrow). Panel E shows
the arms of the delivery system opened (arrows) and oriented perpendicularly to
the leaﬂets rim over the ﬂail region near the medial commissure. Finally, panel F
shows the result of the procedure with 2 asymmetric oriﬁces (*). LA  left
atrium; LAA  left atrial appendage; LV  left ventricle; MV  mitral valve;
RPA  right pulmonary artery; TV  tricuspid valve.Figure 2. Severe Residual Regurgitation and Positioning of the
Additional Clip
(A and B) Two-dimensional transesophageal echocardiography (2D TEE) long-axis
and 4-chamber view from mid-esophagus showing a severe residual central
regurgitation after the insertion of the clip. The new regurgitation was supposed
to be related to the worsening of latent pre-existing functional regurgitation.
(C) Real-time 3-dimensional transesophageal echocardiography (RT3D TEE)
showing a second clip aligned laterally to the ﬁrst insertion. (D) RT3D TEE
showing the ﬁnal result of a “clover” shaped, triple-oriﬁce, mitral valve (*).
(E and F) 2D TEE mid-esophageal intercommissural view showing 2 clips
(arrows) and the near complete abolition of mitral regurgitation. Abbreviations
as in Figure 1.
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1033hile the role of 2D TEE in monitoring PMVR has been established, the role of RT3D TEE is still evolving
nd the comparative strength between 2D and RT3D TEE for this purpose is still unclear. Nevertheless,
e found that some steps of the procedure would beneﬁt from RT3D TEE. In our case, because the
esion was very close to the medial commissure, the precise location size and site of the ﬂail leaﬂet was
etter deﬁned with RT3D TEE rather than with the standard 2D TEE (Figs. 1A and 1B). Although the
recise site of transseptal puncture was also identiﬁed through recognition of tenting by 2D TEE, both
uncture of the septum as well as the position of the tip into left atrium, were easily monitored in a
ingle 3D image from left atrial perspective (Figs. 1C to 1E and 2C). The alignment of the clip arms
erpendicular to the coaptation line over the regurgitant oriﬁces was deﬁnitely better visualized from
n atrial perspective (Figs. 1E and 2C) rather than from the transgastric short-axis view. On the other
and, because of its superior temporal and axial resolution, other steps of the procedure, such as small
terations for the perfect axial alignment of the system, leaﬂets grasping, and leaﬂets capture inside the
lip arms, were better evaluated by 2D TEE rather than RT3D TEE.
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